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	 Climate	 change	 is	 changing	 the	 world’s	 ocean	 in	
three	important	ways.	First,	the	ocean	is	warming.	Second,	
sea	 levels	 are	 rising.	 Finally,	 ice	 is	 melting.	 All	 of	 these	
changes	 have	 important	 implications	 for	 human	 disease	
risk,	ranging	from	a	fairly	prosaic	increase	in	harmful	algal	
blooms	 to	 the	 science-fictionish	 re-release	 of	 deadly	
microbes	from	long	ago.	
	
	 In	 the	United	 States,	 coastal	 adaptation	 efforts	 to	
date	have	been	sluggish.	Many	uncertainties	attend	climate	
change’s	effects	on	 the	ocean,	particularly	with	 regard	 to	





can	provide	 a	more	 effective	 focus	 for	 immediate	 coastal	
adaptation	 efforts.	 Public	 health	 threats	 are	 politically	
salient	in	ways	that	climate	change	itself,	or	even	sea-level	
rise,	 often	 are	 not.	Moreover,	 a	 public	 health	 adaptation	
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	 Unfortunately,	 things	 are	 going	 wrong	 in	 the	 ocean.	 Changing	
ocean	conditions	resulting	from	climate	change	pose	considerable	public	
health	risks	to	coastal	populations	that	are	relevant	to	coastal	adaptation	
planning.	While	 some	 of	 these	 risks	 take	 the	 form	of	 increasing	 severe	




ocean-related	 disease	 could	 benefit	 coastal	 climate	 change	 adaptation	
efforts	 in	 many	 ways.	 First,	 disease	 and	 public	 health	 risks	 have	 an	
immediate	political	salience	that	other	coastal	climate	risks,	such	as	sea-
level	 rise,	 do	 not.	 In	 addition,	 in	 several	 vulnerable	 coastal	 states,	
especially	 in	 the	 southeastern	 United	 States,	 public	 cognizance	 of	





	 Second,	 and	 relatedly,	 increasing	 coastal	 disease	 risk	 is	 a	 more	
immediate	 climate	 change	 impact	 than,	 say,	 coastal	 inundation.	 As	 the	
discussions	below	will	make	clear,	disease	 risk	as	a	 result	of	a	 changing	









4	 See	 generally	 Robin	 Kundis	 Craig,	 Oceans	 and	 Coasts,	 in	 MICHAEL	 BURGER	 &	 JUSTIN	
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most	 of	 the	 direct	 and	 physical	 threats	 to	 coasts	 from	 climate	 change	
prompt	discussion	about	how	 to	 cope	with	 those	 changes	while	 largely	
preserving	 the	status	quo	 rather	 than	 true	proactive	adaptation	efforts.	
For	 example,	 the	 risk	 of	 increasingly	 severe	 coastal	 storms	 tends	 to	
resonate	 in	 disaster	 preparedness	 frames,	 resulting	 in	 an	 inherently	
reactive	mode	of	planning	 that	 focuses	on	being	able	 to	deal	with	 such	









warming,	 focusing	 on	 the	 spread	 of	 Vibrio	 bacteria	 and	 increased	
prevalence	 of	 harmful	 algal	 blooms,	 or	 HABs.	 Part	 II	 looks	 at	 increased	
disease	 risks	 from	 rising	 sea	 levels,	 generally	 in	 concert	with	 increasing	
temperatures.	It	focuses	on	mosquito-borne	diseases	such	as	malaria	and	
dengue	fever.	Part	III	examines	the	most	science-fiction-like	potential	for	
increased	 disease	 risk—melting	 ice	 around	 the	 world	 that	 exposes	







	 Increasing	 ocean	 temperature	 is	 the	 most	 basic	 marine	
consequence	 of	 climate	 change.	 Ocean	 warming	 has	 a	 number	 of	
consequences.	 In	 the	 ocean	 itself,	 warming	 waters	 alter	 currents	 and	
induce	 marine	 species	 to	 shift	 their	 ranges	 poleward,	 among	 other	
impacts.	 Warming	 ocean	 temperatures	 also	 change	 weather	 patterns	
worldwide	and	make	hurricanes	and	typhoons	more	powerful.		
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	 In	 2014,	 the	 Intergovernmental	 Panel	 on	 Climate	 Change	 (IPCC)	
published	 its	 Fifth	 Assessment	 Report	 on	 climate	 change.5	 The	 IPCC’s	
reports	 are	 generally	 conservative,	 particularly	 where	 the	 ocean	 is	
concerned.	 Nevertheless,	 the	 Fifth	 Assessment	 Report	 provides	 a	 good	











energy	 accumulated	 between	 1971	 and	 2010	 (high	
confidence),	with	only	about	1%	stored	in	the	atmosphere.	
On	 a	 global	 scale,	 the	 ocean	warming	 is	 largest	 near	 the	
surface,	and	the	upper	75	m[eters]	warmed	by	0.11	[0.09	to	
0.13]°C	 per	 decade	 over	 the	 period	 1971	 to	 2010.	 It	 is	
virtually	 certain	 that	 the	 upper	 ocean	 (0−700	 m[eters])	
																																																						
5	The	IPCC’s	Fifth	Assessment	Report	consists	of	four	documents:	INTERGOVERNMENTAL	PANEL	
ON	 CLIMATE	 CHANGE,	 CLIMATE	 CHANGE	 2013:	 THE	 PHYSICAL	 SCIENCE	 BASIS	 (2013),	 available	
through	 https://www.ipcc.ch/report/ar5/wg1/;	 INTERGOVERNMENTAL	 PANEL	 ON	 CLIMATE	
CHANGE,	 CLIMATE	 CHANGE	 2014:	 IMPACTS,	 ADAPTATION,	 AND	 VULNERABILITY	 (2014),	 available	
through	 https://www.ipcc.ch/report/ar5/wg2/;	 INTERGOVERNMENTAL	 PANEL	 ON	 CLIMATE	
CHANGE,	 CLIMATE	 CHANGE	 2014:	 MITIGATION	 OF	 CLIMATE	 CHANGE	 (2014),	 available	 through	
https://www.ipcc.ch/report/ar5/wg3/;	and	 INTERGOVERNMENTAL	PANEL	ON	CLIMATE	CHANGE,	
CLIMATE	 CHANGE	 2014:	 SYNTHESIS	 REPORT	 (2014),	 available	 through	
https://www.ipcc.ch/report/ar5/syr/	[hereinafter	2014	IPCC	SYNTHESIS	REPORT].	
6	 Ocean	 Scientists	 for	 Informed	 Policy,	 Ocean	 Warming,	
https://www.oceanscientists.org/index.php/topics/ocean-warming	 (as	 viewed	 June	 28,	
2019).	









	 Importantly,	 ocean	 warming	 will	 continue	 for	 many	 decades.	
According	to	the	IPCC,	“[t]he	global	ocean	will	continue	to	warm	during	the	
21st	 century,	 with	 the	 strongest	 warming	 projected	 for	 the	 surface	 in	
tropical	 and	Northern	Hemisphere	 subtropical	 regions	 .	 .	 .	 .”9	However,	
“[a]t	greater	depth	the	warming	will	be	most	pronounced	in	the	Southern	
Ocean	(high	confidence),10	meaning	that	Antarctica	might	experience	the	
most	profound	 changes.	A	 study	published	 in	Nature	 on,	 appropriately,	
Halloween	2018	indicated	that	the	ocean	is	warming	even	faster	than	the	
IPCC	suggested.11	While	calculation	errors	immediately	came	to	light	that	







Vibrio,	 which	 are	 “rod-shaped	 bacteria	 that	 are	 natural	 constituents	 of	
estuarine	and	marine	environments.”13	The	genus	Vibrio	contains	over	100	
species,	 about	 a	 dozen	 of	which	 can	 cause	 human	 disease.14	 The	most	








atmospheric	 O2	 and	 CO2	 composition,	 563	 NATURE	 105,	 105-07	 (2018),	
https://doi.org/10.1038/s41586-018-0651-8.		
12	 Christa	Marshall,	 “High-profile	 ocean	 warming	 paper	 to	 get	 a	 correction,”	 Science,	
https://www.sciencemag.org/news/2018/11/high-profile-ocean-warming-paper-get-
correction	(Nov.	14,	2018).		
13	 Craig	 Baker-Austin,	 Joaquin	 Trinanes,	 Narjol	 Gonzalez-Escalona,	 &	 Jaime	 Martinez-
Urtaza,	Non-Cholera	Vibrios:	The	Microbial	Barometer	of	Climate	Change,	 25	TRENDS	 IN	
MICROBIOLOGY	 76,	 76	 (Jan.	 2017),	
https://www.sciencedirect.com/science/article/pii/S0966842X16301408.		
14	Id.	
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contaminated	seafood	(usually	shellfish)	or	through	infection	of	an	open	




	 Four	 disease-causing	 forms	 of	 Vibrio	 are	 considered	 most	
important	from	a	public	health	perspective.17	The	first	is	Vibrio	vulnificus,	
which	both	“colonize[s]	filter	feeding	animals	such	as	oysters,	crabs	and	
mussels,	 but	 can	 also	 be	 found	 free-living	 in	 seawater.”18	 	 In	 terms	 of	











occurred	 along	 the	 very	 warm	 Gulf	 of	 Mexico,	 especially	 in	 Florida.		
However,	the	emergence	of	Vibrio	vulnificus	disease	in	other	parts	of	the	
world,	 notably	 Israel,	 has	 been	 linked	 to	 climate	 change	 and	 increasing	
temperatures.22	Similarly,	 in	the	United	States	 in	the	early	21st	century,	

















Waters	 Warm,	 STORIES	 THAT	 MATTER,	 May	 23,	 2007,	
http://www.storiesthatmatter.org/index.php?option=com_content&task=	
view&id=123.	




food-poisoning	 bacterium	 associated	 with	 seafood	 consumption	 and	
typically	 causes	 acute	 gastroenteritis.”24	 Like	 V.	 vulnificus,	 this	 species	
appears	 to	 be	 spreading	 with	 warming	 seas—for	 example,	 recently	




States	during	an	unusually	warm	spring”	and	 then	migrated	 to	 the	east	
coast	and	Europe	in	2012.26	
	
	 The	 third	 Vibrio	 species	 of	 concern	 in	 warming	 waters	 is	 Vibrio	
alginolyticus.	 “An	 often	 overlooked	 bacterium,	 V.	 alginolyticus	 is	
increasingly	 recognized	 as	 an	 emerging	 human	 pathogen,	 and	 as	 with	
other	 vibrios	 the	 incidence	 of	 infection	 significantly	 increases	 during	
summer	months.	V.	alginolyticus	 is	ubiquitous	in	sea	water	and	tends	to	
cause	 superficial	 wound	 and	 ear	 infections	 .	 .	 .	 .”27	 In	 Florida	 over	 the	
decade	from	1998	to	2007,	V.	alginolyticus	caused	almost	20%	of	vibriosis	
infections,	 and	 these	 kinds	 of	 infections	 appear	 to	 be	 increasing	 in	 the	
United	States.28	
	
	 The	 most	 notorious	 disease-causing	 Vibrio,	 however,	 is	 Vibrio	




act	 as	 host	 organisms.	 	 According	 to	 researchers	 investigating	 the	 link	
between	 climate	 change	 and	 cholera,	 “[c]limate,	 seasonal	 weather	











30	 Rita	 R.	 Colwell,	 A	 Voyage	 of	 Discovery:	 Cholera,	 Climate,	 and	 Complexity,	 4	 ENVTL.	
MICROBIOLOGY	67,	67	(2002).	
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early	 warning	 system	 for	 cholera,	 enabling	 an	 effective	 deployment	 of	
resources	to	minimize	or	prevent	cholera	epidemics	.	.	.	.”31		
	
	 Cholera-carrying	 copepods	 “live[]	 in	 salt	 or	 brackish	 waters,	
including	rivers	and	ponds,	and	travel[]	with	currents	and	tides.		Copepods	
harbour	 both	 dormant,	 nutrient-deprived	 and	 culturable	 Vibrio.	 	 The	
bacteria	 can	 survive	 as	 an	 inactive	 sporelike	 form¾dormant	 but	 still	
infectious¾in	 the	 gut	 and	 on	 the	 surfaces	 of	 copepods	 in	 between	





not	 coincidentally,	 therefore,	 within	 the	 same	 time-frame	 that	 climate	








unprecedented	 number	 of	 domestically	 acquired	 human	
infections	 that	 occurred	 in	 Northern	 European	 countries	
and	 were	 associated	 with	 swimming/bathing	 in	 coastal	
waters.	 Most	 of	 these	 cases	 were	 reported	 during	 heat	
waves	 (e.g.,	 1994,	 1997,	 2003,	 2006,	 2010),	 and	 it	 is	
expected	 that,	 as	 global	 warming	 continues,	 such	 events	
are	 likely	 to	 increase	 in	 frequency	 and	 intensity.	 Besides	












PROC.	 NATL.	 ACAD.	 SCI.	 E5062,	 E5062	 (Aug.	 8,	 2016),		
https://doi.org/10.1073/pnas.1609157113	
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Vibriosis	 infections	 also	 of	 increasing	 concern	 in	 the	 United	 States.	 As	
researchers	summarized	in	2017:	
	
Cases	 of	 Vibrio	 infections	 have	 a	 marked	 seasonal	
distribution–most	occur	during	summer	and	early	autumn,	
corresponding	 to	 the	 period	 of	 warmer	 temperatures.	
Several	reports	have	recently	indicated	that	human	Vibrio	
illnesses	 are	 increasing	 worldwide,	 including	 fatal	 acute	
diarrheal	 diseases,	 such	 as	 gastroenteritis,	 and	 wound	
infections	and	septicemia.	A	number	of	significant	 factors	
underpin	 the	 need	 for	 a	 greater	 understanding	 of	 these	
food	 borne	 pathogens	 within	 an	 international	 context:	
compared	 to	 other	 major	 food	 borne	 pathogens,	 the	
number	of	Vibrio	 infections	 is	 steadily	 increasing.	 Indeed,	
the	 Centers	 for	 Disease	 Control	 and	 Prevention	 (CDC)	












	 A	warming	ocean	 also	 promotes	 harmful	 algal	 blooms,	 or	HABs.	


















pigmented	 cells.”42	 This	 discoloration	 can	 give	 algal	 blooms	 common	




is	 harmful	 in	 some	 way.45	 With	 respect	 to	 human	 health,	 the	 most	
important	HABs	are	those	that	“produce	toxins	that	can	kill	fish,	mammals	
and	birds,	and	may	cause	human	illness	or	even	death	in	extreme	cases.”46	







consumption	 in	 the	 world.”49	 CFP	 occurs	 when	 people	 consume	 fish—
generally	 tropical	 reef	 species—“that	 have	 accumulated	 potent	
neurotoxins	(ciguatoxin)	in	their	flesh	and	viscera.	The	toxins	are	produced	
by	the	marine	dinoflagellate	Gambierdiscus	spp.,”	which	live	in	coral	reef	
ecosystems.50	 “More	 than	 400	 fish	 species	 are	 thought	 to	 have	 the	
potential	 for	 ciguatera	 toxicity.”51	 Herbivorous	 fish	 each	 the	
dinoflagellates	 (a	 form	 of	 algal	 phytoplankton52),	 and	 the	 ciguatoxin	
																																																						
42	 ScienceDaily,	 Reference	 Terms:	 Algal	 bloom,	
https://www.sciencedaily.com/terms/algal_bloom.htm	(as	viewed	June	29,	2019).	







EUREKALERT,	 Feb.	 17,	 2006,	 http://www.eurekalert.org/pub_releases/2006-02/s-
trt021206.php.	
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accumulates	 in	 their	 flesh,	 concentrating	 up	 to	 food	web	 to	 apex-level	




cause	 cardiovascular	 and	 neurological	 issues,	 sometimes	 leading	 to	
respiratory	distress,	coma,	and	death.55	
	
	 Second,	 Paralytic	 Shellfish	 Poisoning	 (PSP)	 results	 from	 “eating	
bivalve	mollusks	(mussels,	scallops,	clams)	contaminated	with	a	group	of	
structurally	related	marine	toxins	collectively	referred	to	as	saxitoxins.”56	




Geographically,	 the	 most	 risky	 regions	 for	 PSP	 are	
temperate	 and	 tropical	marine	 coasts.	 In	 North	 America,	
this	 includes	 Alaska,	 the	 Pacific	 Northwest,	 and	 the	 St.	






in	 more	 severe	 cases	 can	 “spread	 to	 the	 neck	 and	 face,	 and	 may	 be	
accompanied	by	headache,	 abdominal	pain,	nausea,	 vomiting,	diarrhea,	
and	 a	wide	 range	of	 neurologic	 symptoms.	 These	neurologic	 symptoms	
may	 include	weakness,	 dizziness,	 dysarthria,	 paresthesia,	 double	 vision,	
loss	of	coordination,	vertigo	or	dizziness,	and/or	a	’floating’	sensation.”60	
	
	 Third,	 another	 red	 tide	 shellfish	 risk	 is	 Neurotoxic	 Shellfish	
Poisoning	(NSP).61	People	typically	get	NSP	“by	ingesting	bivalve	shellfish	
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(e.g.,	 clams,	 oysters	 and	 mussels)	 that	 are	 contaminated	 with	
brevetoxins.”62	 In	 the	 United	 States,	 strict	 prohibitions	 on	 commercial	





transported	 up	 the	 eastern	 seaboard.”64	 NSP	 symptoms	 include	 both	
gastrointestinal	 and	 neurological	 problems.65	 The	 latter	 are	 of	 more	





This	 HAB	 “caused	 the	 death	 of	 thousands	 of	 marine	 animals,	 induced	
respiratory	issues	in	six	Florida	counties	near	the	Gulf	of	Mexico,	forced	the	
closure	 of	 several	 beaches,	 and	 negatively	 affected	 tourism	 across	 the	
southwest	Florida	coast.”68	
	
	 Fourth,	 HABs	 that	 produce	 domoic	 acid	 can	 lead	 to	 Amnesic	
Shellfish	Poisoning	 (ASP).69	Researchers	 first	discovered	 this	HAB	 risk	 to	
human	 health	 in	 1987	 in	 eastern	 Canada,	 where	 the	 people	 who	 ate	
contaminated	 blue	 mussels	 from	 Prince	 Edward	 Island	 suffered	
gastrointestinal	distress	and,	in	a	few	cases,	death.70	Some	of	the	survivors,	
however,	suffered	from	the	memory	disorder	that	gives	ASP	 its	name.71	
New	 regulations	 require	 shellfish	 beds	 to	 be	 closed	 when	 domoic	 acid	
levels	 reach	 20	 parts	 per	 million,	 but	 domoic	 acid	 levels	 have	 been	
increasing	 in	 many	 places,	 including	 along	 the	 United	 States’	 Pacific	
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	 Finally,	 Diarrhetic	 Shellfish	 Poisoning	 (DSP)	 is	 caused	 by	 okadaic	
acid	and	related	toxins	that	a	variety	of	dinoflagellates	produce	when	they	
bloom,	“most	notably,	Dinophysis	spp	and	Prorocentrum	spp.”75	“Mussels,	
clams,	 scallops	 and	 oysters	 are	 the	most	 common	 vectors	 for	 the	 DSP	





was	 exceeded	 across	 the	 U.S.,	 allowing	 these	 toxins	 to	 affect	 several	
coastal	regions	that	historically	have	not	been	impacted	by	them.”77	As	the	
name	 suggests,	 the	 main	 symptom	 of	 DSP	 “is	 incapacitating	 diarrhea,	
followed	by	 nausea,	 vomiting,	 and	 abdominal	 cramps”;	 the	disease	 can	




of	 the	 biggest	 promoters	 of	 HABs	 are	 warm	 ocean	 temperatures	 and	
nutrient	 concentrations.80	 Climate	 researchers	 expect	 coastal	 HABs	 to	
increase	 in	 both	 frequency	 and	 intensity,	 both	 because	 ocean	












80	 Id.;	 The	 Rising	 Tide	 of	 Ocean	 Plagues:	 How	Humans	 are	 Changing	 the	 Dynamics	 of	
Disease,	EUREKALERT,	Feb.	17,	2006,	http://www.eurekalert.org/pub_releases/2006-02/s-
trt021206.php.	
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pollution	are	entering	the	marine	system.81	As	one	group	of	researchers	
summarized	 in	 2016,	 “With	 the	 dramatic	 increase	 in	 the	 number	 of	
harmful	algal	blooms,	as	well	as	their	 frequency	and	 intensity	 in	coastal	
regions	 throughout	 the	world,	 there	 are	more	 toxic	 algal	 species,	more	
algal	 toxins,	 and	 more	 geographic	 areas	 affected	 than	 ever	 before.”82	
Exposure	 risks	 are	 also	 increasing:	 “The	 risk	 of	 HAB-related	 illnesses	 is	
further	amplified	by	shifting	preferences	to	heart	healthy	diets,	increased	
travel	to	coastal	destinations,	increased	consumption	of	imported	fish,	the	
growth	 of	 coastal	 urban	 communities,	 and	 growing	 segments	 of	 the	






































risen	over	 the	previous	2000	years,88	and	“[i]t	 is	 likely	 that	extreme	sea	
levels	(for	example,	as	experienced	in	storm	surges)	have	increased	since	
1970,	 being	 mainly	 a	 result	 of	 rising	 mean	 sea	 level.”89	 The	 IPCC	 also	
concluded	that:	
	
It	 is	very	 likely	 that	 the	mean	rate	of	global	averaged	sea	
level	 rise	 was	 1.7	 [1.5	 to	 1.9]	mm/yr	 between	 1901	 and	
2010	and	3.2	[2.8	to	3.6]	mm/yr	between	1993	and	2010.	




	 Sea-level	 rise	has	 two	main	 components:	melting	 land-based	 ice	
(glaciers	and	ice	shelves)	and	expanding	volume	as	the	ocean	warms.	The	
two	 contributors	 to	 sea	 level	 rise	 have	 roughly	 equal	 until	 recently,	






the	period	1993–2010,	global	mean	sea	 level	 rise	 is,	with	
high	confidence,	consistent	with	the	sum	of	 the	observed	






















experience	 a	 sea	 level	 change	 within	 ±20%	 of	 the	 global	 mean.”95	
However,	sea-level	rise	will	not	be	uniform	across	regions.	For	example,	
“[s]ince	1993,	the	regional	rates	 for	the	Western	Pacific	are	up	to	three	





	 Humans	 suffer	 from	 a	 variety	 of	 vector-borne	 diseases—this	 is,	
diseases	that	require	contact	with	an	animal	or	insect	for	human	infection	
to	 occur.	 Climate	 change	 affects	 most	 vector-borne	 diseases	 and	 in	 a	
number	of	ways.	The	most	certain	of	these	impacts	include	the	geographic	
shift	of	both	vectors	and	reservoirs	as	a	result	of	temperature	change;	the	
alteration	 of	 development,	 survival,	 and	 reproduction	 rates	 of	 vectors,	
reservoirs,	 and	 pathogens;	 and	 the	 inducement	 of	 changes	 in	 human	
behavior	 that	 amplify	 the	 risk	 of	 infection.97	 For	 example,	 in	 terrestrial	
northern	latitudes,	warming	temperatures	are	allowing	animal	and	insect	











121	 ENVTL.	 INT’L	 703,	 705	 (2018),	
https://www.sciencedirect.com/science/article/pii/S0160412018312005;	 Jonathan	 A.	
Patz	et	al.,	Climate	Change	Challenges	and	Opportunities	for	Global	Health,	312	J.	AMER.	
MED.	 ASS’N	 1565,	 1572	 (2014),	
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6108836/;	 Tony	 McMichael	 et	 al.,	




RES.	 328,	 331	 (2010),	
https://www.sciencedirect.com/science/article/pii/S0166354209004951.	
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prevalence	of	247,	120	and	50	million	cases	worldwide	respectively.”100	In	




mosquitoes	 are	 active.103	 In	 some	 places,	 warming	 temperatures	 now	
allow	mosquitoes	to	survive	the	winter.104	A	2018	Climate	Central	study	of	
244	 U.S.	 cities	 found	 that	 229	 of	 them—94%—already	 faced	 increased	
risks	of	mosquito-borne	diseases	simply	as	a	result	of	having	more	warm	
days	 each	 year.105	 Few	 of	 the	 top	 10	 cities	 are	 coastal—San	 Francisco,	
California	 is	 the	notable	exception—but	 the	 report	also	notes	 that	“[a]s	
climate	 change	 increases	 temperatures	 during	 winter	 months,	
transmission	could	become	possible	year-round	in	some	places	across	the	
continental	U.S.,	beginning	with	South	Florida.”106	The	report	also	notes	






	 Heat	 is	 not	 the	 only	 factor	 influencing	 the	 spread	 of	 mosquito-
borne	disease,	however.	Unlike	ticks,	mosquitoes	require	water	to	breed,	
and	some	species	of	disease-bringing	mosquitoes	already	prefer	brackish	
or	 saline	water.108	 In	 addition,	 non-vector	 freshwater	mosquito	 species	
have	 developed	 tolerances	 for	 brackish	 water	 in	 India,	 Sri	 Lanka,	 and	
western	 Australia,	 causing	 concern	 that	 their	 disease-bearing	 relatives	
																																																						
100	Ranjan	Ramasamy	&	Sinnathamby	N.	Surendran,	Possible	impact	of	rising	sea	levels	on	







‘Disease	 Danger	 Days’	 2	 (Aug.	 2018),	 available	 at	
http://assets.climatecentral.org/pdfs/August2018_CMN_Mosquitoes.pdf?pdf=Mosquito






 Electronic copy available at: https://ssrn.com/abstract=3413071 
	 SEA	GRANT	LAW	&	POLICY	JOURNAL		 													1st	Draft	18	
could	do	the	same.109	Together,	these	factors	mean	that	sea-level	rise	is	
also	a	 factor	 in	mosquito-borne	disease	 risk—a	 factor	 that	differentially	
impacts	coastal	communities.	
	
	 “Rising	 sea	 levels	 will	 affect	 the	 extent	 of	 saline	 (>30	 parts	 per	
thousand	or	ppt	salt)	or	brackish	(0.5-30	ppt	salt)	water	bodies	in	coastal	
areas.”110	 As	 James	 Titus	 has	 noted,	 “[b]y	 deepening	 shallow	 bodies	 of	
water,	a	sea	level	rise	could	cause	them	to	stagnate.”111	Warm,	stagnant	
bodies	of	brackish	water	are	perfect	breeding	grounds	for	disease-bearing	
mosquitoes.	 	 As	 a	 result,	 and	 especially	 in	 combination	 with	 higher	









countries	 like	 Peru,	 largely	 as	 a	 result	 of	 climate	 change	 and	
deforestation.113	Peru	almost	eradicated	malaria	40	years	ago,	but	in	2008	
64,000	cases	were	registered	in	the	country,	half	in	the	Amazon	region.114	
Public	 health	 official	 believe	 that	 there	 were	 many	 more	 unregistered	


























transmitted	 cases	 of	malaria	 in	 the	 United	 States	 have	 been	 small	 and	
relatively	 isolated,”	 generally	 resulting	 from	 “airport	 malaria,”	 where	
mosquitoes	 unintentionally	 flown	 to	 the	 United	 States	 on	 planes	 from	
malaria-endemic	countries	infect	people	here;	congenital	malaria,	where	
an	 infected	 mother	 transmits	 the	 malaria	 parasite	 to	 a	 fetus	 during	
pregnancy;	 and	 the	 rare	 case	 of	 malaria	 transmission	 through	 a	 blood	
transfusion,	which	occurs	about	once	every	two	years.118	Even	so,	the	CDC	
warns	that	“the	potential	risk	for	the	disease	to	re-emerge	is	present	due	
to	 the	 abundance	 of	 competent	 vectors,	 especially	 in	 the	 southern	
states,”119	 and	 the	 resurgence	 of	malaria	 in	 Peru	 provides	 a	 cautionary	
note	for	the	United	States.	
	





countries.	 Every	 year,	 hundreds	 of	 thousands	 of	 severe	 cases	 arise	



















123	 World	 Health	 Organization	 (WHO),	 Dengue	 Fact	 Sheet,	
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include	cases	 in	2005	and	an	outbreak	of	18	 cases	 in	2013,	both	 in	 the	
southernmost	counties	of	Texas.130	As	in	Hawai’i,	dengue	had	been	present	
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In	 2013,	 28	 residents	of	Martin	County,	 Florida,	were	 infected	with	 the	
dengue	virus,	24	of	whom	developed	dengue	fever	symptoms	and	six	of	
whom	had	to	be	hospitalized.133	Miami-Dade	County	has	reported	21	cases	
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exactly	 how	 badly	 remains	 climate	 change’s	 greatest	 uncertainty.	 For	
example,	 the	unexpectedly	 increasing	pace	of	 polar	 ice	melt	 has	 added	
significant	 volatility	 to	 the	 art	 of	 sea	 level	 rise	 prediction.136	 Studies	
repeatedly	 indicate	 that	 the	 Greenland	 ice	 sheet	 and	 Antarctic	 ice	 are	
melting	 faster	 than	expected,137	and	an	August	2007	study	published	 in	
Science	 suggested	 “that	 future	 sea-level	 rise	 may	 be	 larger	 than	
anticipated	and	that	the	component	due	to	GIC	[glaciers	and	ice	caps]	will	
continue	 to	 be	 substantial.”138	 The	 IPCC	 noted	 in	 2014	 that	 “[o]ver	 the	
period	1992	to	2011,	 the	Greenland	and	Antarctic	 ice	sheets	have	been	
losing	mass	 (high	 confidence),	 likely	 at	 a	 larger	 rate	over	2002	 to	2011.	
Glaciers	have	continued	to	shrink	almost	worldwide	(high	confidence).”139	








with	 respect	 to	 pre-industrial	 temperatures.	 Abrupt	 and	
irreversible	ice	loss	from	the	Antarctic	ice	sheet	is	possible,	






have	 seen	 an	 acceleration	 of	 ice	 mass	 loss	 since	 2009.”142	 Indeed,	
																																																						
136	 Anny	 Cazenave,	How	 Fast	 Are	 the	 Ice	 Sheets	Melting?,	 314	 SCIENCE	 1250,	 1250-51	
(2006).		

























	 Melting	 ice	 could	 potentially	 expose	 people	 to	 long-forgotten	
diseases.	 	 In	 2006,	 Dr.	 Scott	 Rogers,	 a	 Bowling	 Green	 State	 University	
biologist,	 reported	 “the	 potential	 for	 long-dormant	 strains	 of	 influenza,	
packed	in	ice	in	remote	global	outposts,	to	be	unleashed	by	melting	and	
migratory	 birds.”148	 As	 a	 result,	 melting	 ice	 could	 expose	 human	
populations	 to	 strains	of	 flu,	 such	as	 the	virus	 that	 caused	 the	1918	 flu	
pandemic,	 against	 which	 human	 immunity	 has	 died	 out.149	 Dr.	 Scott	
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	 This	 concern,	 it	 must	 be	 admitted,	 sounds	 like	 science	 fiction.	
However,	 ice-based	 disease	 transmission	 appears	 to	 have	 already	










in	 the	 1890s	 there	 was	 a	major	 epidemic	 of	 smallpox	 in	
Siberia.	One	 town	 lost	 up	 to	40%	of	 its	 population.	 Their	
bodies	were	buried	under	the	upper	layer	of	permafrost	on	
the	 banks	 of	 the	 Kolyma	 River.	 120	 years	 later,	 Kolyma's	
floodwaters	 have	 started	 eroding	 the	 banks,	 and	 the	













for	 centuries,	 are	 reviving	 as	 Earth's	 climate	 warms,”	 BBC	 Earth,	
http://www.bbc.com/earth/story/20170504-there-are-diseases-hidden-in-ice-and-they-
are-waking-up	(4	May	2017).	See	also	Boris	A.	Revich	&	Marina	A.	Podolnaya,	Thawing	of	















pleistocenium,	 that	 they	 found	 in	 permafrost	 in	 Fox	 Tunnel,	 Alaska.156	
Carnobacterium	 species	 are	 anaerobic	 and	 may	 help	 transform	







The	 community	 DNA	 immobilized	 in	 Antarctic	 ice	 is	
essentially	 a	 ‘‘gene	 popsicle,’’	 which	 can	 potentially	 be	
acquired	 by	 extant	 organisms	 upon	 thawing.	 Given	 the	
widespread	influence	of	 lateral	gene	transfer	(LGT)	within	
microbial	 populations	 and	 its	 putative	 influence	 on	 the	
tempo	of	microbial	evolution,	one	can	envision	periods	in	







to	 humans,	 their	 revival	 does	 validate	 the	 hypothesis	 that	 old	 bacterial	
diseases	 could	 also	 emerge	 from	 the	 ice.	 The	 disease-causing	 bacteria	
most	likely	to	survive	in	ice	for	lengthy	times	are	those	that	form	spores,	
																																																						










microbes	 in	 the	oldest	 ice	on	Earth,	104	PROC.	NATL.	ACAD.	SCI.	13455,	13455-60	 (2007),	
https://doi.org/10.1073/pnas.0702196104.	
160	Id.	at	13458	(citations	omitted).	
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many	 other	 regions	 of	 the	 world.	 .	 .	 .	 This	 no	 doubt	
corresponded	 to	a	 large	 release	of	micro-organisms	 from	
previously	frozen	soils,	an	unknown	fraction	of	which	was	
revived	 upon	 thawing.	 Indeed,	 pathogenic	 bacteria	 can	




interested	 in	 exploring	 further	 what	 exactly	 is	 emerging	 from	 the	
permafrost.165	As	others	have	speculated,	“We	could	even	see	viruses	from	
long-extinct	hominin	 species	 like	Neanderthals	 and	Denisovans,	 both	of	
which	settled	in	Siberia	and	were	riddled	with	various	viral	diseases.”166	
	
	 A	 melting	 Arctic	 comes	 with	 other	 consequences	 relevant	 to	
disease	 risk,	 like	 increasing	 sea	 access	 and	 interest	 in	 Arctic	 trade	 and	
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region	 means	 increased	 human	 exposure	 to	 whatever	 emerges,	 both	
because	more	people	risk	exposure	in	the	Arctic	itself	and	because	more	
people	will	be	traveling	from	the	Arctic	via	the	ocean	to	other	coasts.	Ships’	
ballast	water	and	other	 features	have	 long	 transported	 invasive	 species	
around	the	globe,170	and	if	the	Age	of	Discovery	proved	anything,	it	proved	

















sea-level	 rise	 creates	 new	 habitat	 for	 Vibrios	 and	 disease-bearing	
mosquitoes,	 coastal	 communities	 can	 take	 “steps	 to	 reduce	 the	
development	of	new	coastal	swamps	and	other	potential	brackish/saline	
water	 breeding	 sites,	 and	 tidal	 flows	 in	 estuaries.”173	 Disease	 risk	 also	
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means	 that	 climate	 change	 adaptation	 planning	 and	 implementation	
cannot	rest	solely	in	the	hands	of	traditional	coastal	zone	managers	and	
land	use	planners	or	focus	solely	on	the	physical	impacts	of	climate	change.	
Instead,	 adaptation	 efforts	 must	 include	 public	 health	 agencies,	
agriculturists	 and	 irrigators,	 livestock	 agencies	 and	 ranchers,	 and	
ecosystem	stewards,	among	many	others.174	
	
	 Relatedly,	 increasing	 and	 changing	 coastal	 disease	 risk	 has	 the	
potential	to	make	climate	change	real	and	adaptation	strategies	necessary	
in	 coastal	 communities	 that	 have	 largely	 ignored	 their	 climate	 change	
vulnerabilities.	 It	 also	 has	 the	 potential	 to	 shift	 adaptation	 focus	 and	
financing	in	communities	that	have	been	emphasizing	physical	impacts	and	
strategies,	 such	 as	 seawalls	 to	 address	 sea-level	 rise.	 Indeed,	 increased	
cognizance	 of	 climate	 change	 coastal	 disease	 risk	 may	 ultimately	 aid	
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